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FOREWORD

The purpose of this Tezologcal Review is to provide scientific support and
rationale for the haxd and dose-response assessmerRlifi pertainingto chronic eposure to
trivalent chromium. It is not intended to bea compréhensivetreatise on thechemical or
toxicological naure of trivalent chromium (Ill) .

In Section 6, EPA ha characterized its oveall confidence in thequantitative and
gualitative aspects of hazard and dose respdvisdters considered in this characterization
include knowledg gaps, uncertainties, qualityf data, and scientific controversieBhis
characterization is presented in an effort to make appaent thelimitations of theassessmat and
to aid and gide the risk assessor in the ensisteps of the risk assessment process.

For other gneral information about this assessment or other questions re@tiRIS,
the reader is referred to EPA’s Riskkdrmation Hotline at 202-566-1676.
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1. INTRODUCTION

This document presents backgnd and justification for the hazl and dose-response
assessment summaries in EPAitetyated Risk mformation Sgtem (RIS). IRIS Summaries
mayinclude an oral reference dose (RfD), inhalation reference concentration (RfC) and a
carchogenicity assessent

The RfD and RfC provide quantitative information for noncancer dose-response
assssmats. TheRfD is baed on theassumption thiethresholds &ist for certain toxic effects
such as célilar necross but may notexist for other bxic effect such as soecarchogenic
responseslt is expressed in units of nkg-day. In general, the RfD is an estimate (with
uncertaintyspanningoerhaps an order of ma@igude) of a dailyexposure to the human population
(including sensitive sub@ups) that is likelyo be without an appreciable risk of deleterious
effects duringalifetime. Theinhdation RfC is adogous to theord RfD. Theinhdation RfC
considers toic effects for both the respiratosystem (portal-of-entfyand for effects peripheral
to the respiratorgystem (exrarespiratoryor systemic effects).It is generallyexpressed in units
of mgm?.

The carcinognicity assessment provides information on the car@nmghazard potential
of thesubstace in question and quantitative estimates of risk from orlexposureand inhadation
exposure. The information includes a wéigof-evidence judgent of the likelihood that the
agent is a human carcineg and the conditions under which the carcamig effects mape
expressal. Quantitative risk estimates ae presented in three ways. Theslope factoris theresult
of application of a low-dose &apolation procedure and is presented as the risk p&grdgy:.
Theunit riskis thequantitative estimate in terms of éther risk pe pg/L drinking water or risk
per w/m? air breathed Another form in which risk is presented is a drinkimgter or air
concentration providingancer risks of 1 in 10,000; 1 in 100,000; or 1 in 1,000,000.

Development of these hardl identifications and dose-response assessments for trivalent
chromium ha followed thegenera guiddines for risk essessmet as sd forth bythe Nationd
Research Council (1983EPA guidelines that were used in the development of this assessment
may includethefollowing: theGuidelines for Carcinogen Risk Assessnien. EPA, 1986a),
Guiddines for theHealth RiskAssesmat of Chenical Mixtures (U.S. EPA, 1986b)Guiddines
for Mutagenicity Risk Assessm¢utS. EPA, 1986c¢)Guidelines br Devebpmenal Toxicity
Risk Assessme(t.S. EPA, 1991)Proposed Guidelines for Neurotoxicity Risk Assess(hkst
EPA, 1995a)Proposed Guidelines for Carcinogen Risk Assessthkt EPA, 1996a),

Guidelines for Reproductive Toxicity Risk Assessiuet EPA, 1996b), an@uiddines for
Neurotoxicity Risk AssessmébtS. EPA, 1998aRecommendations for and Documentation of
Biological Values for Use in Risk Assessn{ehE. EPA, 1988); (proposethterim Policy for
Particle Size and Limit Concentration Issues in Inhalation Tox{tit. EPA, 1994a)jylethods

for Derivation of Inhalation Reference Concentrations and Application of Inhalation Dosimetry
(U.S. EPA, 1994b)Peer Review and Peer Involvement at the U.S. Environmental Protection
Agency(U.S. EPA, 1994c)Jse of the Benchmark Dose Approach in Health Risk Assessment
(U.S. EPA, 1995b)Science Policy Council HandbooReer ReviewU.S. EPA, 1998b); and
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memorandum from EPA Administrator, Caraio®/ner, dated March 21, 1995, Subject:
Guidance on Bk Characerization.

Literature search straieg emplogd for this compound were based on the CASRN and
a least onecommon nane. At a minimum, thefollowing databases wee searched: RTECS,
HSDB, TSCATS, CCR$, GENETOX, EMC, EMICBACK, DART, ETICBACK, TOXLINE,
CANCERLNE, MEDLINE AND MEDLINE backfiles. Any pertinent scientific information
submitted bythe public to theRIS Submission Desk was also considered in the development of
this document.

2. CHEMICAL AND P HYSICAL INF ORMATION RELEVANT TO ASSESSMENTS

Chromium (Cr) is andallic dement bdongng to thefirst transitiond series of the
periodic table.Elemental chromium has a CAS R&tgy Number of 7440-47-3The three most
stable forms in which chromium occurs in the envionmentare he 0 (netal and aloys), +3
(trivalent chromum), and +6 (heavekentchromum) valence sates. In the +3 vaénce sate, he
chemistry of chromium is dominted bytheformaion of stdle complexes with both orgnic and
inorganic ligands (Hartford, 1979)In the +6 valence state, chromiumstx as or species such
as GO, and CrQ?* that are strorg oxidizing (Cotton and Wkinson, 1980).

Chromium in the ambient air occurs from natural sources, industrial and product uses,
and burningof fossil fuels and woodThe most important industrial sources of chromium in the
atmosphere origate from ferrochrome productioi®re refining chemical and refractory
processingcement-producinglants, automobile brake linirand cataliic converters for
automobiles, leather tanneries, and chrommeigs also contribute to the atmospheric burden of
chromium (kshbein, 1981).Chromate chemicals used as mist inhibitors in codbmegers and
the mist formal duringchromeplating are probaly the primay soures of Cr(VI) emitted as
mists in the atmosphere (Towill et al., 1978).

Sarce informaion exists in theliterature regarding the nature of thechemical species
present in theamosphae. Unda nomal conditions Cr(Ill) and Cr(0) in theair donotunderg
anyreaction (Towill et al., 1978)Cr(VI) in the air eventuallyeacts with dust particles or other
pollutants to form Cr(lll) (NAS, 1974); however, the ext nature of such atmospheric reactions
has not been studiedtersively Chromium is removed from air @tmospheric fallout and
precipitation (kshbein, 1981).The atmospheric half-life for the péigal removal mechanism
depends on the particle siand particle densitgf atmospheric chromiumChromium particles
of small aerodgamic diameter (< 10m1) mayremain airborne for longeriods and male
transported igeat distances byind currents and diffusion forces.

Surface runoff, deposition from air, and release of municipal and industrial waste waters
are he sources of chramm in surface was. The nostsignificantrenoval mechansm for
Cr(lll) from the aguéic environment is precipitation as Cr,0;- X H,O followed bysedimentation.
Cr(VI), however, can st in aquatic media as a water-soluble comgleion and mapersist in
water for longperiods. Cr(VI) is a moderatelgtrongoxidizing agent and will react with omic
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matter or other redudng agents to form Cr(lll) . Therefore, in surface wagr rich in organic
content, Cr(V) will exhibit a much shorter lifetime (Callahan et al., 1979).

Chromium probablyccurs as insoluble @, x H,O in soil, gven tha organic matter in
soil converts soluble chromate to insoluble@;(U.S. EPA, 1983).There is no known
chemical process that can cause chromium to be lost fromT$alprimaryprocesses byhich
chromium is lost from soilr@ physical. For example, chromium in soil @n betransportel to the
atmosphere bway of dust or aerosol formation (U.S. EPA, 1988hromium is also
transported from soil throligrunoff. Runoff can remove both chromium ions and bulk
precipitates of chromiumln addition, floodingof soils and the subsequent anaerobic
decomposition of plant matter mancrease dissolution of 0, in soil throudn complexation
(U.S. EPA, 1983). The water-soluble complex maycause leachingf chromium from soil.
Page (1981) reported the detection of a small concentratiog/[l mean concentration) of
chromium at a frequenayf approxmately 100% in gound water collected from Neverdey

The bioconcentration factor (B) for Cr(VI) in fish muscle appears to be < 1.0, but
values of 125 and 192 were obtained fastey and blue mussel, respectiv@lyS. EPA, 1980).
For Cr(lll), BCF vaues of 116, 153, and 86 were obtained with the Americastesy soft shell
clam, and blue mussel, respectiv@lyS. EPA, 1983).

3. TOXICOK INETICS RELEVANT TO AS SESSMENTS
3.1. ABSORPTION FACTORS IN HUMANS AND EXP ERIMENTAL ANIMALS

3.1.1. Oral

Based on fecatxcreion of *'Cr following oral administration of'CrCl, to human
patients, Donaldson anchBeras (1966) estimated absorption to be apprately0.4%. When
*ICrCl, was administered intraduodenalpsorption was not apprecialglyangd. In rats,
approxmately 2% of the intragstric dose of CrGlappeareda be absorbed based on fecal
excretion of chromium. Jgund administraion only slightly increased theappaent asorption of
CrCl; Anderson et al. (1983) confirmed the low absorption of trivalent chromium in humans
following the administration of 200guof Cr(ll) trichloride, and they suggested tha the
absorption efficiencyf trivalent chromium is dependent on dietargke. Anderson et al.
(1986) reported that at low levels of dietartake (10 |g) about 2% of trivalent chromium was
absorbed.When intake increases to > 46, jthe absorption efficienayropped to appromately
0.5%. Bunker et al. (1984) determined that eldesijpjects absorbed less than 3% of trivalent
chromium ingested in thediet.

A number of animal studies confirm that trivalent chromium is paavorbed in the
gastrointestinal tractVisek et al. (1953) estimated that less than 0.5% @&sieg CrC] was
absorbed througthe @strointestinal tract of the raMertz et al. (1965) estimated that rats
absorbed less than 3% of a $endose of CrClby gavage. MacKenzie et al. (1959) estimated
that less than 3% of a siegdose of CrGlby stomach tube was absorbed in radgawa (1976)

3



found gastrointestinal absorption of Cr@b be less than 3% in ratslenderson et al. (1979)
determined that hamsters absorbed less than 1.5% of an administered oral dose of trivalent
chromium. Furthermore, Mertzt al. (1965) reported that absorption in rats was independent of
the administered dose and dietahyomium status (deficient or supplemented in chromium) of
theanimals. Cr(lll) wasfound to be better absorbed in fasted than in fed rats (MaKenal.,
1959).

3.1.2. Inhalation

A number of factors can influence the absorption of chromium followinglation,
includingthesize oxidation stde and solubilityof thechromium paticles, theactivity of
alveolar macrophagg, and the interaction of chromium with biomolecules follondegosition
in the lung(ATSDR, 1993).Absorption of inhaled chromium compounds following
occupational eposure has been demonstratedi®ymeasurement of chromium in the serum and
urine and hair of workers in the chromium indugiviinoia and Cavalleri, 1988; Randall and
Gibson, 1987; Tossavainen et al., 1980j(lll) isless well absorbed than Cr(VI) dueto the
relative inability of Cr(lll) to cross cell membranes. However, workers exposed to Cr(lll)
lignosulfonate dust at 0.005-0.23 i@g(lll) /m® had detectable concentrations of chromium in the
urine at the end of the workd@iilunen et al., 1983).

Animal studies have shown that trivalent chromium is absorbedsie@my by
inhalation. Baetjer et al. (1959a) administered Crtol guinea pigs intratracheally. Ten minutes
post-treatment, 69% of the administered dose remained in the uhie 4% was found in the
blood and tissuesPercentags of administered chromium found in the lsrgt hours, 30 day
and 60 daypost-treatment were 45%, 30%, and 12%, respectividlgse investigtors
hypothesized tha the slow dsorption of trivéent chromium is dudo thefact tha it forms
insoluble conplexes with macronolecuks. Furthernmore, ckarance fronthe respiatory tractto
the gastrointestinal tract malge a factor when chromium compounds are administered by
inhalation. Visek et al. (1953) found similar results whié@rCl, was instilled intraracheally in
guinea pigs. In this studyabsorption from théungs was estimated to beapproxmately 5%. The
authors sugestel tha themgority of theCrCl, was deared from thelungs bymuadliary action
and passedhtoudh the gastrointestinal tractbecause 55% and 7% bitadnmnistered*'Cr had
been recovered frothe feces and ure, respectely, within 7 dag.

Wada et al. (1983) gposed male Sprag-Dawleystrain rats to CrGlat an atmospheric
concentration of 14.1 migy® (Cr) and observed that the chromium was associated with bdth hig
and low-moleular-weight protens. The chromium tharemaned in thelungs was assodated
with the hidgh-molecular-weift fraction, and this fraction slowhjecreased with time following
exposure Thelevel of chromium a&socated with thelow-molecular-weight fraction renaned
constant for the 5 dayf observation followindgreatment; however, chromium associated with
this fraction accumulated with time in the livérhe authors suggsted that the low-molecular-
weight protein maybe involved in the absorption and transport of chromium following
inhalation.



Suaiki et al. (1984) eposed rats to potassium dichromate(®t Cr(ll) trichloride by
inhalation and determined that while lucigarance of both valence states was dependent on
paticle sze, Cr(VI1) was absorbed with threefold greater efficiency than Cr(lll) .

3.1.3. Distribution

Much work has been peformed onin vivo redudion of Cr(VI) to Cr(lll), and some
characteriations can be madengested heavalent chromium is efficientlyeduced to the
trivalent form in the gstrointestinal tract (Ddbra et al., 1987)In the lung, hexavalent
chromium can be reduced to the trivalent formabgorbate andggathione. The reduction by
ascorbae is morerapid than tha by glutathioneand results in ashorte residence timein the
lungs (Suziki and Fukuda, 1990).There is no evidence that trivalent chromium is converted to
hexavalent chromium in biolagal systems (Amdur et al., 1993).

Once absorbed, Cr(Ill) compounds are cleared rapidipm the blood and more slowly
from the tissuesHopkins (1965) injected 0.1g'Cr (as chromium chloride)/100g
intravenouslyin male rats.The blood chromium content as a perceataghe blood
concentration decreased from 94% at 30 minutes to 17% in 24 hours and to 5% at 96ihours.
et al. (1983) followed distribution 8fCrCl, after intravenous administration in sigults.

Within several hours of dosing 50% of the chromium in plasma was distributed to the liver,
spleen, and other amgs. After 3 months, the liver contained > 50% of the total biogden of
I1Cr.

Visek et al. (1953) reported amdistribution of several chromium salts following
intravenous injection in rat<CrCl, concentrated in the liver, spleen, and bone marrow; once
deposited, it cleared slowlyThe liver in the CrClexposed rats was the ondygan to clear
significant amounts of chromium over the stymbriod (45 das). In rats receiving
intraperitoneal administration of Cr(lll) nitrate for 30 or 60 days, the highest levels of chromium
were observed in the liver, followed bye kidneyg, testes, and brairilissue concentration
increased nomeary with dose, and conceations n the kdneyincreased gnificanty with
duration (Tandon et al., 19797rivalent chromium was detected omtythe livers of mice
following administration of 4.8, 6.1, or 12.3 ry(lll) /kg-day as chromium (lll) trichloridein
drinking water for 1 gar (Marupama, 1982).Tissue concentrations were 40-90 times below
those reported followingdministration of heawalent chromium in this studyMacKenze et al.
(1958) reported that tissue concentrations of nasgCr(ll) trichloride were ninefold lower
than those igen potassium dichromate in drinkimgter. Sullivan et al. (1984) treated adult and
neonaal rats with an acute oral do<e of radiolabded Cr(lll) trichloride Seven days following the
dose, neonates and adults retained apmpately 35% and 0.2% of the dose in thet,g
respectively Neonates accumulated 0.12%, 0.05%, and 0.0088% in the kloheeyand lung
while adults accumulated 0.003%, 0.002% and 0.0003% in the kiilezyand lung
respectively Red blood cells were found to accumulategigantly more chromium than white
blood cells followingintravenous administration of Crlh the rat (Coogn et al., 1991).

Mice given asnge intraperitoneal injection of Cr(lll) trichloride were found to have
retained 87%, 73%, and 45% of the dose on3]&y and 21 post-treatmenthe retention of
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chromium wa atributed to theformation of trivadent chromium @mplexes with proténs and
amino acids (Byson and Goodall, 1983).

Mertz (1969) studied placental transfer of a varmtghemical forms of trivalent
chromium in ras. Male and femde rats fed commaercial or chromium-deleted yeast diets and
drinking water with or without 2 ppb chromium were mat&teonates whose dams were fed the
commecial diet contaned nearly twice thechromium & neonaes of dans fad thechromium-
deficient diet. Exposure of dams to trivalent chromium in drinkingter did not increase the
chromium content of the neonatd$eonatal concentrations of chromium were not increased
following administrdion of CrCl, intravenouslyor by gavage before, duringor after mating
However, administration of chromium in the form tfigpse tolerance factor (GY By gavage
during gestation resulted in levels in neonates that were 20%-50% of those in the dams.
Danielsson et al. (1982) studied placental transfer of trivalent chromium in mice following
intravenous injection of Cr¢l The hidhest maternal chromium concentrations were found in the
renal cortexskeleton, liver, and ovarie3.he fetal concentration of chromium was 0.4% and
0.8% of the maternal serum concentration when dams were injected in mid- arestatesqg,
respectively Chromium accumulated in the fetal skeleton aplé gac placentalijima et al.
(1983) also reported that trivalent chromium crossed the placenta of mice injected
intraperitonedlly with CrCL. Visek et al. (1953) reported that an imsfggant amount of'Cr
crossed the placenta of rats in the 24 hours followitrgvenous injection regdless of the
chemical form injected, thevadence stae, thegestdiond stege, or thesizeof thelitter. In no
instance was the radioactivityeasured in the fetusesegter than 0.13% of the dos€aseyand
Hembridge (1984) demonstrated that chromium can be transferred to infantshitm@agst milk.
The breast milk of 45 lactatingomen was found to have a chromium content ausgdy)3
Hg/L. These concentrations were taken to represent bawkd levels in women whose
chromium eyposure occurs primarifthroudh the diet.

Hexavalent chromium readilgnters cells througthe phosphate and sulfate anion-
exchang carrier pathwayalthoudn a portion mayemain in plasma for an ®nded period
(Wiegand et al., 1985)While Cr(ll) compounds are unable to cross the cell membrarthiby
pathway(Grayand Sterling1950), theymayenter cells, but onlwith verylow efficiency
(Lewalter et al., 1985; Olkherty 1996). Hexavalent chromium is reduced to the trivalent form
intracellularlyby the action of utathione (Debetto anduciani, 1988; Petrilli and Deléra,
1978Db). Following reduction to the trivalent form, chromium miayeract with cellular
macromolecules, includingNA (Wiegand et al., 1985), or maye slowlyreleased from the cell
(Bishop and Surgnor, 1964).

A physiologically based radelfor chromum has recety been develped, wheh
incorporates absorption and dispostion schemes for Cr(VI) and Cr(lll) throughout the body
(O’Flaherty, 1996). The model was calibrated on the basis of published oral and intratracheal
kinetic studies usng soluble Cr(lll) and Cr(VI) in therat, and it accounts for most of the major
features of chromium kindics in therat, induding redudion of Cr(VI) to Cr(lll). The modd
suggests the following in vivo dispogtion for chromium. Both Cr(Ill) and Cr(V1) are poorly
absorbed from the lurgnd the gstrointestinal tractFollowing inhalation eposure, chromium
may be absorbed into thestgmic circulation, transferred to thasgointestinal tract by
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mucociliaryaction, or remain in the lungCr(V1) is reduced to CH{) in dl tissues, induding the
lung and the gastrointestind tract. Both Cr(lll) and Cr(VI) are better absorbed from the
gastrointestind tract in the fasted than in the fed state, and the absorption efficiency of Cr(lll)

salts is largly dependent on the nutritional status of the animal as well as the nature of the anion
making up the Cr(lll) salt. The modd assumes that redudion of Cr(V1) does notoccur in the
plasma.Cr(VI) enters cells byhe phosphate and sulfate aniomieang carrier pathway Cr(lll)
travels in the bloodstream lalg bound to amino acids, other anjc acids, and plasma proteins
such as globulins The complexes of Cr(Ill) which are bound to lower molecular wehg ligands
are most likelyto be able to traverse cell membranes (Mdr@69). A significant amount of
absorbed chromium is taken up in the bone (Witmer and Harris, 1991; Weber, Ca83nium
is also concentrated in tissues of the liver, kidaey spleenOnce in the cell, Cr(JImaybe
reduced to Cr(Ill) , which may subsequently interact with cellular macromolecules, induding

DNA (Wiegand et al., 1985), or maye slowlyreleased from the cell (hop and Sumnor,

1964).

The model sugests that the bioaccessibilibf chromium to absorption processes rhay
the sinde most importat factor ddermining thetoxicity of aspeific chromium soure
(O’Flaherty, 1996).

Given therapid redudion of Cr(VI) to Cr(lll) in vivo, it is relevant to consider whether
environmental egosures to Cr(\jlor administration of Cr(\jlin controlled animal exeriments
is essentially identical to environmental exposures to Cr(Ill) or administration of Cr(lll) in
controlled experiments. While condderably more daa are available for Cr(VI) than for Cr(lll), it
appears at present thapesures to Cr(\jlhave considerablgifferent outcomes than pasures
to Cr(lll) . Cr(VI) has been shown to be more toxicologically active than Cr(lll) as it more readily
crosses cémembranes.The Agencyhas preparede Toxcological Reviews and RIS
Summaries for Cr(VI) and Cr(lll) from this perspective.

3.1.4. Metabolism

Trivalent diromium potatiates theactivity of insulin in vitro ad in vitro. In the
biologically active form, chromium ocurs in acomplex referred to & GTF, tentatively identified
as a chromium-nicotinic acid comple6TF has been sggsted to operate throbgactivation of
membrane phosphatysine phosphatase in mammals, altliotige complete structure of the
complexhas not been identified (Mertt993; Davis et al., 1996).

3.1.5. The Essentiality ofChromium

Cr(lll) potentiates inulin action in peaipheaa tissueand is essential for lipid, protein, and
fat meabolism in aimds and humas. Chromium déciency causes thanges in themeabolism
of glucose and lipids and mée associated with maturipnset diabetes, cardiovascular
diseases, and nervoustm disorders (Anderson, 1993, 199bhe National Research Council
(NRC) has identified an estimated safe and adequatedieigryintake (ESADD) for
chromium of 50-200 g/day (NRC, 1989), correspondirtg 0.71-2.9 g/kg-dayfor a 70 kgadult.



The Food and DrugAdministration (lDA) has selected a Reference Dailyake for chromium
of 120 /d (U.S. DHHS, 1995).

4. HAZARD IDENTIF ICATION

Hexavalent chromium is widéy consideed to hare significantly greater toxicity than the
trivalent form. This results in part from the reaagjon of hexavalent chromium as a known
human carcinogn bythe inhalation route of @osure, from the caustic properties of mahyhe
hexavalent compounds, theepnter absorption of the hasalent species followingxposure by
ingestion and inhalation, and the abiliy hexavalent chromium to efficientlyraverse cell
membranes. However, rdatively few studies are available in theliterature tha directly address
the toxcity of trivalent chromium, particularlgy the inhalation route of gosure. This lack of
dataresults in onsideable uncertainty regarding thehazard assocated with exposure to
trivalent chromium.

4.1. STUDIES IN HUMANS
4.1.1. Oral

Theessatia role of trivalent chromium in ducoseand lipid meabolism ha ben widdy
studied; however, onlgne studyvas located that addressed the oralldibxof trivalent
chromium in humansKusiak et al. (1993) reported increased mortalitg to stomach cancer in
gold miners in Ontario, Canad&xposures to arsenic, chromium, mineral fiber, diesel
emissions, and aluminum powder were considered as possitdmations for the eess
stomach cancerThe authors found that theaess incidence of stomach cancer was best
associated with the time-wéitgd indexof exposure to chromium in miners under the ag 60.
However, asimilar assogation baween theindex of exposureto chromium and excess stomeh
cancer was not seen in oldedyminers in this studyAlthough diet is an important risk factor
in the onset of stomach cancer, the stwdg unable to consider the role of dietiaapits in the
onset of stomach cancer in the stpdypulation. While the authors sggst that chromium or a
subsénce cbsely assoated with chromum ey be he causave agntfor sbmach cancerhie
inability to consider important confoundifgctors and the absence of a clear pattern of disease
incidence with increasingqposure make this associationiliguncertain. The substantial
uncertinties rekted to the assocition betveen chrorrum exposure and deasericidence and
the siguificant confoundingactors make this studynusable for risk assessment purposes.

4.1.2. Inhalation

Occupational egosure to chromium byhalation has been studied in the chromate
manufacturingand ferrochromium industries; howeverpesgures all include med exosures to
both Cr(Ill) and Cr(VI1). TheCr(VI) speciesiswiddy conddered to bethe etiologic agent in
reports of egess cancer risk in chromium workekdowever, studies are inadequate to rule out a



contribution by Cr(lll), and Cr(VI1) cannot be unequivocallgemonstrated to be the etiolog
agent for noncarcinognic effects followingnhalation.

Studies addressing expoaures to Cr(lll) doneare notavailable, and therole of Cr(lll) in
disease following expoaures to mixtures of Cr(lll) and Cr(VI) cannot be determinedSignificant
redudion of Cr(VI) to Cr(lll) occursin thelungs, and absorption of Cr(lll) from lungtissueis
known to occur (O’Rherty 1996). In order to be comprehensive, a sumnwrthe results of
studies involvingmixed exosures to CH]) and Cr(V1) is presented bd ow.

A number of epidemioldg studies have considered the association between inhalation of
chromium and noncarcinegic endpoints, includingpper respiratoryritation and atrophy
lower respiatory effects, and sgtemic effecs.

Bloomfield and Bum (1928) examined 23 men from sighromium platingplants in the
United StatesFourteen of these workerspigally spent 2-7 hours/dayer vats of chromic acid,
which generated airborne haxalent chromium rarigg from 0.12-5.6 min®. These nen
experienced nasal tissue damaigcludingperforated septum (2), ulcerated septum (3), chrome
holes (6), nosebleed (9), and inflamed mucosal{®yeneral, the nine remainingorkers
examined, who were not directgyposed to chromium vapors, had oimfltamed mucosaeThe
authors concluded that chromic acid at concentraticeetey than 0.1 nig® is likely to cause
nasal tissue injuryHowever, while no concentrations lower than 0.12Zmigvere observed,
injury to nasal tissue caused loyver concentrations could not be ruled out.

Machle and Gregrius (1948) reported an incidence of nasal septal perforation of 43.5%
in 354 emploges who worked in a chromate-producpignt that manufactured sodium
chromde and bidhromade. At thetime of thestudy arbornechromae concentraions ranged
from 0.1 to 2.8 min®. The plant had been in operation for at leastdary, and some
enployees probalylworked n the phntwhen reverberaty furnaces, a promentsource of lgh
chromate egosure, were used.

Mancuso (1951) reported on igal examinations of a random sample of 97 workers
from a chromate-chemical planthe results indicated that 61 of the 97 workers (63%) had
septal perforationThe data suggsted to the author that Qi may be patly responsible for the
perforations; however, there were insufficient data to make an unequivocal conclusion.

The U.S. Public Health Service conducted a stfdyorkers in seven
chromate-producinglants in the earl§950s. Of 897 chromate industryorkers in the study
57% were found to have a nasal septum perforatt@rforated septum was observed even in
workers emplogd fewer than 6 monthd he studyindicated that gxosure to chromate results in
severe nasal tissue destruction, bytesxire levels were not measured; hence, the data are of
limited usefulness for risk assessment purposeddifal SecurityAgency 1953).

Vigliani and 4irlo (1955) reported nasal septal perforation in workepesad to
chromic acid and chromates in concentrations of 0.11-0.1&dhe lenghs of eyosure were
not known. Hanslian et al. (1967) reported on otolagyiogic examinations of 77 persons
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exposed to chromic acid aerosol duricigome plating Of those, 19% were observed to have
septal perforation and 48% to have nasal mucosal irritafibe.workers averagl 6.6 yars of
exposure to an airborne chromium concentration of 0.4nhgn 14 pesons, ppillomas of the
oral cavityand laryx were found.The diagnosis of papilloma was confirmed histologc
examination. There were no sits of atpical gowth or malighant degneration.

Kleinfeld and Russo (1965) reported somerde@f nasal septal ulceration in seven of
nine workers in a chrome-platimdant, with four of seven demonstratifignk perforations.
Analyses of air samples showed chromium concentrations of 0.18-1#*nigata regarding the
lengh of exposure and gposure concentration for individual workers were not available.

Gomes (1972) eemined 303 emplaes who worked in 81 electroplatingerations in
Sao Paulo, Bazl. Over two-thirds of the workers had mucous membrane or cutaneous lesions,
with manyof them havingilcerated or perforated nasal sepfae duration of egosure was not
stated, but the author mentioned that the harmful effects were noted in ueder A girect
correlation between workers@osed to aigen airborne concentration of Cr{\dnd the
development of harmful effects could not be made.

Cohen and Kramkowski (1973) and Cohen et al. (197dnéxed 37 workers (7 male
and 30 female) empley in the nickel-chrome department of an electroplatlagt in
comparison with 21 workers (15 male and 6 female) in other areas of the plantiimasitly
exposed to chromic acidSmokingdemogaphic data was not provide&nvironmental air
samples were collected from breathzwypes of several workers in thepssed and control
groups to determine concentrations of total chrome and Lr@flef medical histories were
confined to the ear, nose, throat, and cutaneous strucividgsn 1 year of emplognent, 12
workers eperienced nasal ulceration or perforatiddasal ulcers and perforations were
associated with total chromium concentrations of 1.4 to 4§183averaing 7.1 pg/m?®, and
Cr(VI) concentrations of 0.09 to 9.1im?, averaing 2.9 g/m°. Ninety-five percent of the 37
workers studied dxbited patholog changs in nasal mucosa in a concentration-duration
response More than half of the workers empkxy less than 1ear had nasal patholpthat was
more severe than simple redness of the nasal muédsest all the workers (35 of 37)
employed longer than 1 gar had nasal tissue daread he authors noted the lack ajayl
industrial hgiene practices, implicatingjrect contact, such as touchiofjthe nose with
chromium-contaminated hands, as a potentiailyortant route of xosure.

Lucas and Kramkowski (1975) conducted a healtlardeavaluation of 11 empl@gs in
the “hard” chrome area of an industrial platfagility. The averag ag of the emploges was 39
years, and the averagluration of emplayent in the hard chrome area was &&rg. Medical
examinations were conducted to evaluate the presence of dermatitis, chrome holes, old chrome
hole scars, ulcerated nasal septum, infection of the mucosa, nasal redness, perforated nasal
septum, reldened throd, conjundivitis, and wheezing. Environmentd air sanples wae
collecied fromthe bredting zone on dlworkers n the hard chromarea ® deermine the
concentrations of hexalent chromium.Cr(VI) concentrations ramgl from 1 to 20 g/m?,
averagng 4 pg/m*. However, the authors attributed the nasal patlyopwgmarily to direct
contact. Clinical observations included injection of the nasal mucosa in five workers, ulcerated
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nasal septum in two workers, atrophic scarrmjcative of the presence of past ulceration in
two workers, and complete perforation of the nasal septum in four woiRkecs.hygiene

practices, includingouchingthe nose with the hand, were noted at the plant and represented a
confoundingfactor in the etiolog of the nasal lesions.

Markel and lucas (1973) conducted a healthdrdzvaluation of 32 workers at a “cold
dip” chrome platingplant who were empl@&g in the chrome department or whoulegly spent a
portion of their workdayn that area.Twenty of the emploges worked in the chrome area of the
plant for more than 5ears. A total of 16 personal and &geral air samples were taken to
determine the concentrations of Cr{VMaximum airborne Cr(\V)I concentration was 3gim®.
No workers were found to have ulcerated nasal mucosa or perforated nasatHs#ptathe 32
employees had vaigg degees of mucosal irritationThe authors did not consider this to be
significant, because the survesas carried out at the peak of the 1972-1973 inflaeamdemic.

Lindbergand Hedenstierna (1983) compared léungction, the condition of the nasal
septum, and subjectiveraptoms related to respiratongalth (data obtained lmpestionnaire) in
unexposed controls (119) and workers (43pesed to chromic acid in chrome plating
operations.Workers were further divided into low (< 2jCr[VI]/m®) and hidy (> 2 |19
CrVI]/m3) exposure goups. Complaints of diffuse nasal syptoms (“constantlyunningnose,”
“stuffy nose,” or “a lot to blow out”) were regiered by4/19 workers in the lowrgup and half
of the 24 workers in the higgroup. The authors reported reddenioigthe nasal mucosa at 1 to
2 pg/m® and nasal irritation (chronic and nasal septal ulceration and perforation) in two-thirds of
the subjects at concentrations from 2 to 80ni. All workers with nasal ulceration had been
exposed to chrome acid mist, which contained Cr@f120 |o/m?, or geater near the bath&or
pulmonaryfunction measurements, chaagn vital capacityand forced epiratoryvolume at 1
second (EV,) were seen fronCr(VI) exposures geaer than 2 jg/m®. Examination of the nasal
septum revealed that daneagas siguificantly greater in eposed workers than in ungssed
controls and appeared to be somewhat more severe in thgrdigp than in the lowrgup.

There was a tendendgr lungfunction parameters to return to normal over a 2viegkend.

In the United States, 97 workers in chromate-produgiagts had a higer incidence of
severelyred throats and pneumonia, but tlogy not show anyncrease in the incidence of other
respiratorydiseases when compared with contralugps. Although bilateral hilar enlargment
was observed, there was no evidence o&ssive pulmonariibrosis in these workers égeral
SecurityAgency, 1953). The various lunghangs described in these workers nmrapresent a
nonspecific reaction to irritatingnaterial or a specific reaction to chromium compouriany
of the conditions mentioned occur widétythe gneral population (NAS, 1974).

Lindbergand Vesterber1983b) studied urinargxcretion of proteins in 24 currently
employed chrome platers and 27 former chrome platResults were compared with those for a
group of 37 referentsExposures for current workers were determined ugergonal samplers
and were found to raegrom 2 to 20 g/m?, with an averag level of 6 |g/m®. Exposures of
former platers were thohigto be higper than those for the current workefi$ie duration of
exposure rangd from < 1 to 26 @ars. Cr(VI) exposure was found to result in renal effects in a
dose-dependent fashion (based on elevatecegan of3-2-microdobulin as an indicator of
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nephrotoxcity) in current workers gosed to 4 to 20gim® Cr(VI1) over 8-hour shifts The

effect maybe reversible since former chrome platers did not have an elevated concentration of
either B2-microdobulin or albumin in their urineMost of the currentlexposed workers were
also observed to have irritationnsgtoms of the airwagy includingulcerated nasal septum and
complete perforationsSevere objective and subjective levels for the airefégcts occurred at
no-observed-adverse-effect levels (NOAJEfor renal toxcity.

In another studySaner et al. (1984) did not find increased urifiaBymicrogobulin
levels in tanneryvorkers in comparison with referent control workerwever, comparison of
urinarychromium concentrations of the tannemgrkers in this studyersus the chrome platers
in the Lindbergand Vesterber@983a,b) studgugyests that the latter had distinctiygher
chromum exposures.

Exposure to vapors of chromium salts has been suspected as a cause of astlwing, coug
wheeang, and other respiratodistress in ferrochromium workersahgrd, 1980). Noveyet al.
(1983) identified chromium-specific antibodies in a &&yold white male worker who
experienced a productive caugwvheeimg, and dgpnea within 2 weeks of biegpinga new job
electoplating with chromum. Laborabry testing of this individualwas perforned wih placebo
and nickel and chromium solutions vapedzbyheat. The nickel and chromium solutions
precipitated asthmatic syptoms identical to those parienced on the jobThe authors
conduded tha theaffected individud developed an ecquired sensitivity to chiromium and nidkel
vapors.

Actud Cr(Ill) and Cr(V1) exposure levels in many of the studies attributing respiratory
effects to chromium were unknowim addition, data on other confoundifagtors such as
smokingwere frequentlyinavailable. These caveats sigicantly complicate determination of
the poenia heath effecs assodated wih exposure @ chromum.

Various other disease states have been attributed to chromium, but in most cases, the
etiologc relation to chromium is doubtful because of the presence of other chemicals (NAS
1974). These studies, reviewed te U.S. EPA (1984), will not be reviewed here.

4.2. PRECHRONIC AND CHRONIC STUDIES AND CANCER BIOASSAYS IN
ANIMALS —ORAL AND INHALATION

4.2.1. Chronic Oral Studies

Two oral chronic rodent bioassays of Cr(lll) were located in theliterature. lvankovic and
Preussman (1975) fed 60 male and female rats (per duge) §%, 1%, 2%, or 5% QD,, baked
in bread, 5 dagfweek for 600 feedingays (120 weeks).The primarypurpose of this studyas
to assesdhe caranogenic poenia of Cr,0,. Theauthors etimated, based on mesures of food
consumption and bodyeight (bw), that rats consumed 36&gbw, 720 gkg bw, and 1,800
o/kg bw of total CyO, over the duration of the studlythe 1%, 2%, and 5% G0, feedng
groups, respectivelyThe animals were maintained on control diets follovigrgnination of the
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exposure until theypecame moribund or diedNo adverse effects were noted at éagding

level. Thehighest doselevel (5%), whidh represented atotd Cr,0O, consumption for 600 dayf
feedingof 1,800 gkg bw, corresponds to a total @ intake of 1,232 dgkg or 1,467 m¢kg-day,
expandingexposure over 840 day600 dag at 5 dag/week = 120 weeks or 840 day The lack
of toxicity given the hitp concentrations of trivalent chromium used in the doseps may
reflect the poor absorption of trivalent chromiumtbg oral route of gposure (Visek et al.,
1953; Mertzet al., 1965; MacKene et al., 1959; Cava, 1976; Henderson et al., 197&x.(Ill)
has been found to be better absorbed in fasted than in fed rats (MecEealz, 1959).The use
of baked bread as a vehicle for dosmgyhave further reduced the absorption of chromium in
the iankovic and Preussman (1975) study

Schroeder et al. (1965) pased 54 male and 54 female Swiss mice to drimkiaigr that
contained 5 ppm chromium (as chromium acetate) for life (0.4€ntik) /kg/day). No increase
in theincidence of tumors wa s@n in thetreated animds with respect to controls. Similar
results were obtained I8chroeder et al. (1965) foohgEvans rats.The dose of trivalent
chromium used in this studyas 2,000- to 10,000-fold lower than the dose inhaKkovic and
Preussman (1975) studgnd most likelydid not approach the mamxum tolerated dose (MTD).
The Schroeder et al. (1965) studyconsidered to be an inadequate test of careimoiy.

4.2.2. Subdronic Oral Studies

Several subchronic studies aegjng oral e)posure to trivalent chromium were located in
the literature.Akatsuka and &rhall (1934) fed cats 50-100 nagd Cr(lll) /day for 1-3 months.
No effects on weilgts or goss or microscopic patholp@f major orgns were notedThis study
cannot be used for quantitative risk assessment since the dose and durajaswieewere not
defined precisely

MacKenze et al. (1958) provided rats with 25 ppmICy(in drinking water for 12
months and noted no chanig bodyweight, macroscopic or microscopic pathofogr clinical
chemistryvariables. The MacKeni et al. (1958) studguggests a no-observed-effect level
(NOEL) at 25 ppm CrG| equivalent to 8.2 ppm trivalent chromiurAssumingthat an averag
rat weidhs 0.35 kgand consumes 0.035wvater/day 8.2 ppm is adjusted to 0.82 ririyalent
chromium/kgbw/day.

Ivankovic and Preussman (1975) fed rats baked bread contamings% chromic dge
(Cr,0O,) for 90 dag. The onlyeffects observed were reductions in the absolutehigea the
livers and spleens of animals in thehtidpse goup, which does not necessarigpresent an
adverse effectThis studysuggests a NOAELof 5% CrO, (50,000 ppm), altholgno clear
adverse effects were observed at doge used in the studfhe authors calculated, based on
measured food consumption and bedight, that male rats in the 5% feedigg@up consumed
180 dgkg Cr,O, total over the 88-dagxperimental period.This corresponds to 1,399 fkg-day
Cr(lly .

Anderson et al. (1997) fed SpragDawleyrats 0-100 miixg Cr(lll) chloride or Cr(lll)
tripicolinate (trivalent chromium coordinated with 2-caripoyidine) in the diet for 24 weeks.
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No statistical differences in bodyeight or blood variables were noted amahg goups
examined at 11, 17, or 24 weekdistologcal examination of the animals in the higlose
groups did not reveal ardetectable difference®nimals fed chromium picolinate were found
to have liver and kidneghromium concentrations two- to threefoleater than those fed
chromium tloride danonstraing the higher absorption of romium tripiolinate. No toxcity
was observed in amyf the dose i@ups in this study

4.2.3. Chronic Inhalation Studies

Severa animal studies have been paformed to assess the carcinogenic potential of Cr(lll)
in therespiraory tract. Only onestudywas locted tha utilized an exposureroutesimilar to tha
expected for humans (inhalation of chromium dustgeier et al., 1959b).

Three strains of mice (strain A, Swiss, and Chy®ere eposed to chromium-
containingdust (Baetjer et al., 1959b)These strains have, respectivdligh, medium, and low
spontaneous lunimor incidencesThe dust was similar to that found in the chromium
chemical manufacturingndustry containingl3.7% Cr(V) oxide (CrQ) and 6.9% Ci{l) oxide
(Cr,0O,), alongwith other metal oxles. In addition, potassium dichromate,(¢,0,) was added
at a level of 1%.The animals were @osed to the dust-laden atmosphere containatgyeen 0.5
and 1 mgotal chromium 4 hours/da$ dayweek for an averagof 39.7 weeks (ramegof 16 to
58 weeks).At death or termination of gosure, the lurgywere eamined bymeans of a low-
power microscope, and abnormal tissues were submitted for histotogirmation of tumors.

The incidence of lungumors was not different in pgsed mice of angtrain as compared
with approxmatelyequal numbers of the appropriate controls of posgd mice of the same
ace. There was also no difference in those strains hawiglyspontaneous tumor incidence with
regard to theaverage numbe of tumors pemouseor thepecent of mice with multiple tumors.
The lungtumors present in both control and treated animals were adenomas, which appeared to
be histologcally similar; however, in exposal animds, theadenomas developed slightly earlier
in the strain A mice.Three additional smallrgups of mice (two ups of 10 Swiss female mice
and one pup of 9 female strain A mice) werepmsed to hif concentrations of chromium dust
(7.8 to 13 mgCr/n?) in a nose-onlghamber 0.5 hours/day dawweek for 43, 52, and 20
weeks, respectivelyNo increase in the incidence of lungnors was observedt is unclear
from the report whether the MTD was achievedh®/dosingegmen used in these studies.
Data on lungchromium content presented in the report indicated levels that were considerably
lower than those observed in humanpased occupationallyAmbiguity regarding the MTD
and the variation in gosure periods used complicates the interpretation of the results.

Severa studies assessed the carcinogenic potential of Cr(lll) in the respiratory tract
following exposure byintratracheal introduction, intrapleural injection, or intrabronchial
implantation (Exetjer et al., 1959b; Hueper and Ray1962; levy and Venitt, 1975; &vy and
Martin, 1983). These studies did not report an increased incidence of tumors follewingure
to trivdent chromium.
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Baetjer et al. (1959b) suspended a chromium dust, similar in composition to that used in
the inhalation studies, in olive oil, anthe chromate and barium chromate in saline prior to
intratracheal introduction into strain A, Swiss, and A5hidce and mird-breed rats (Wtar
and McCollum stocks)The mice each received five to s$nstallations of 0.01 to 0.05 mg
chromium at 4- to 6-week intervals, while the rats received 15 introductions at the same dose at
2-week intervals.The total duration of the studies was between 32 and 52 w&hksmnice
treated with chromium ha atumor inédence similar to age-matched controls, ad therats in
both the treated and contrabgips had no benigor malighant tumors.

Hueper and Pane (1962) noted that no implantation site tumors were observed in 42 rats
duringa 24-month period followingight intrapleural implantations of 25 niigvalent chromium
acetite in gelatin over a 13-ranth perbd.

The National mstitute for Occupational Safeaynd Health (NDSH, 1975) criteria
document on hewalent chromium described a written communicatioevfLand Venitt, 1975)
reportingthe results of a studyerformed at the Chestee8ttyResearchnistitute in london.
Random-bred &ton Wistar rats of both seg received a pellet in the left inferior bronchiolus
via tracheotomyinder anesthesial he rats were kept for 2@rs. One hundred rats were used in
the test goup. The pellets that were implanted contained 2gmoyind chromite ore suspended
50/50 (weidpt/weight) in cholesterol.Negative control goups received either blank metal pellets
or pellets and vehiclePositive control goups received 3-metlgholanthrene.The lung of all
rats ather dying duringthestudyor killed & its temination were examined both maroswpically
and micosmpicaly. No brondia carcinomas of theleft lung were obseved in thechromiteore
test goup.

Levy and Martin (1983) conducted antexsive investigtion of 21 chromium-containing
test materials in \fgtar rats byntrabronchial implantation of a stainless steel wire mesh pellet
containing2 mgtest material suspended in 2 cigplesterol.The rats were allowed to live for 2
years, after which the studyas terminatedNo bronchial carcinomas were observed in the
group receivinghigh silica chrome ordl() .

4.2 .4. Subdronic Inhalation Studies

Data from sub@ironicanimd studies identify therespirdory tract as the primary target of
chromium toxcity following inhalation. Johansson et al. (1986) mosed rabbits to aerosols of
hexavalent (0.9 m¢m® Na,CrQO,) or trivalent (0.6 mfn® Cr(NO,),) chromium for 5 das/week, 6
hours/dayfor 4 to 6 weeks.The number of macrophegobtained from the lusgof the rabbits
exposed to Cr(VIwas sigificantly increased.While the numbers of macrophesgfrom rabbits
expoed to Cr(lll) were notincreased, striking morphologc changs were observed, including
round dark chromium-rich inclusions in theaaylasm, an increased number of cells with a
smooth inactve cel surface, erkged Gobi apparats, and aendencytoward ebngated cel
shape.The macrophags from rabbits egosed to Cr(VI showed less marked morphaiog
changes than those exposed to Cr(lll) .
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Johansson et al. (1980) mosed goups of four rabbits to chromium dust at
concentrations of 3.1 mg® and 0.6 min° for 5 daw/week, 6 hours/dafor 4 weeks.
Macrophags collected from rabbits wsed to the higer concentration of chromium
phagcytized siguificantly more chromium particles than the controls, althotige number of
nonviable macropha&g was less than 3%.

Akatsuka and &rhall (1934) eyosed two cats to chromium carbonate dust at a level that
varied from 3.3-83 mig® (averag = 58.3 mgm?®) for 86 sessionsEach session varied from
10-60 minutes, averagy 28 minutes for one cat and 57 minutes for the otNereffects in
terms of goss or microscopic patholpgvere observed upon termination of th@exment.
Examination of control animals, if there were amas not reported.

Glaser et al. (1985) ewsed 5-week-old male Mtar rats to aerosols of sodium
dichromate at concentrations ramgfrom 0.025 to 0.2 m@r(VI)/m?® 22 hour/dayn subacute
(28 day) or subchronic (90 dayprotocols. Subacute and subchronicpmsures to Cr(\l
aerosol oneentrations resulted in apositivecorrdation beaween exposuredoseand significant
effects on alveolar macrophesgand immunoloig function. Inhaled chromium was found to
preferenitally accunulate in the lungfollowing exposure ¢ chronate aerosad. Lungand spten
weights were sigificantly increased after both subacute and subchronic inhalation of chromate
aerosols at concentrationsegter than 0.025 nmm®. Seum ontents of trigycerides and
phospholipids differed sigficantly from controls f < 0.05) in rats ggosed subchronically 0.2
mg/m?® chromde. Inhdation of Cr(VI) aerosols stimulted thehumord immunesystem.
Differences in the mean total serum immulobglin were sigificant at eposures above 0.025
mg/m?®, while exposures to aerosol concentrationsager than 0.1 nigy® resulted in depression
of the immune sstem stimulation.The primaryantibodyresponse to the-Bell-dependent
antigen sheep red blood cell was elevated in a chromium-time and dose-dependent iftaaner.
immune-stimulatingeffect of subchronic gosure to an aerosol with 0.05 fmg chromium wa
not reversed after 2 months of fresh airereggation. The spleen T-Ijnphocye subpopulation
was also stimulated ksubchronic eposure to 0.2 nigr® chromium. Bronchodveolar lavage
(BAL) cell counts were sigficantly decreased followingubchronic eposure to levels above
0.025 mgm? chromium. The number of Ijnphocyes and tanulocyes showed a slig but
significant increase in the lavadluids of the subacute and subchronicaposed goups. At
subacute gxosure concentrations up to 0.05/mg the phagcytic activity of the alveolar
macrophags increased; however, subchronipesure at 0.2 nmim® decreasechis funcion
significantly. Following subacute eposure to 0.2 nig® chromium, reductions in macropleag
cell counts and phagytic activities correlate with an observed lower clearance of inhaled iron
oxide.

Glaser et al. (1990) ewsed 8-week-old male Mtar rats to sodium dichromate at 0.05,
0.1, 0.2, and 0.4 m@r(VI)/m? 22 hours/day7 dawweek for 30-90 dagy Chromium-induced
effects were observed to occur in a strdoge-dependent mannérhe authors observed
obstructive respiratorgtyspnea and reduced bodight following subacute gosure at the
higher dose levelsThe mean white blood cell count was increased at all dpse8.05) and
was related to sigficant dose-dependent leukdoyis followingsubacute g@osures.Mean lung
weights were sigificantly increased at gosure levels of 0.1 mg?® following both the subacute
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and subchronic gosures.Accumulation of macrophag was seen in all of the gasure goups
and was postulated to be a chromium-specific irritation effect that accounted for the observed
increases in lungreights.

Focal inflammation was observed in the upper aisvajlowing the subchronic
exposure.BAL analyes provided more detailed information on the nature of the dichromate-
induced irritation effectBAL albumin was increased followirige subacute @osure and was
taken to indicate axdation into the alveolar regn as an earliyrritation effect. The mean protein
content of the cell-free lavagdluid was significantly increased in a dose-dependent fashion after
the subacute and subchronigpesgures.However, protein levels returned to control levels
following a recoveryperiod. Cytosolic lactate deldrogenase and the number of mononuclear
macrophags were also elevated followirige subacute and subchronigpesgures, particularlst
the hidhest dose levelsThe engme activityand number of macrophegreturned to the control
level followingthe recoveryeriod. The authors concluded that chromium inhalation induced
pneumocte toxcity and sugested that inflammation is essential for the induction of most
chromium inhalation effects and mifluence the carcinamicity of Cr(VI) compounds (Glaser
et al., 1990).

Lee et al. (1988) g@osed goups of 30 male and 30 female rats to 0.3mgr 25 mgm?
CrO, (IV) for 6 hours/day5 daw/week for 2 yars. Dust-laden alveolar macroplesgwith slidht
type I pneumocte hyperplasia were noted followirgpposure at 0.5 migr®. Inhaled particles
were deposed mainly in the alveoli adjcentto the aleolar ducs, and he dustaricles
appeared as dense particles and werequiyiged byintra-alveolar macrophag. Exposure at
25 mgm? overwheined the ungclearance mchansms and restikd in significantincreasesn
dust-laden macrophes} bronchioloalveolar cell Iperplasia with foamynacrophag response,
and cholesterolrgnuloma in females in comparison with mal&svo female rats developed
well-diffe rentiated cystic keratinizing squanous @l carcinomas with no tumor messtasis. The
tumors were not characteeid as neoplastic lesions.

4.3. REPRODUCTIVE/DEVELOP MENTAL STUDIES—ORAL AND INHALATION
4.3.1. Oral Studies

No studies were located on reproductive or developmental effects in humans following
expoaire to Cr(lll) compounds.Male and female rats treated with 1,806 @rdll) kg/day as
Cr(lll) oxide5 days/week for 60 days before gestation and throughout the gstation period had
normal fertility, gestational lenth, and litter size lankovic and Preussman, 1975).

Zahid et al. (1990) fed BLB/c albino Swiss mice trivalent (chromium sulfate) and
hexavalent (potassium dichromate) chromium at concentrations of 100, 200, and 400 ppm for 35
daysin the diet. The authors stated that thepesure goups included seven animals peoup,
and an additional seven animals were used as controls, dittfeigeport presents conflicting
summaries of the actuatayp sizs throudnout the reportFollowing the treatment, the authors
examined thetestes and gididymis of theanimds. The epididymis wa weaghed and mined
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suspended in buffered formalisperm counts were then subsequeddiermined and sperm
were examined for morpholagal abnormalities.Testes were fied with Bouin’s fluid for 1

week and were subsequerghctioned to 0.6 micron thickness and stained with haegliatox
and eosin for histolag examination. Ten sections were chosen randoingm the anterior,
middle, and posterior parts of each testis and studderk seminiferous tubule was chosen and
examined to determine the cellular stagf spermataesis and the number of dgrated
tubules. Statistical analses of the data were conducted udingt-testbetveen neans andhe

2 x 2 contingncy Chi-square test between perceetadrhe authors reported deleterious effects
on the male mouse testes, includargbigious levels of desperation in the outermost cellular
layers of the seminiferous tubules, reduced (or absence of) speonetqgr tubule,
accumulation of gm cells in the restingpermatocies stag, reduced sperm count in the
epididymis, and increased percergayj morphologcally abnormal sperm at all chromium
sulfate dose levelsThe authors concluded that the small bunigigant increase of hewalent
chromium in thetestes of fed animas indued significant degeneration.

Serious questions have been raisedrdigg the desig and conduct of this studifinley
et al., 1993; NTP, 1996a,b, 1997Mhe methods utilized b¥ahid et al. (1990) are considered to
be insufficient to identifyspermatognia, likelygenerated nonreproducible counts of epidndy
sperm, and resulted in the biologlly implausible conclusion of reduction in spermaioi@
numbers concurrent with unchatspermatodg and spermatid numberédditional questions
have been raised with rag to uncertainties regding the actual gpuping of animals used and
the statistical anayys of the data (iley et al., 1993).

Elbetieha and Al-Hamood (1997)axined fertilityfollowing chromium chloride
exposures in miceSexually mature male and female mice wer@esed to 1,000, 2,000, or
5,000 m@L chromium chloride in drinkingvater for 12 weeksThe effects of the gposures on
fertility were examined at 140 day No mortalityor clinical sighs of toxcity were reported in
anygroup of male or female mice pased at angoncentration in the @eriment. The authors
reported a number of effects, althbug manycases the results were not stigripse-
dependent.The authors reported pasure of male mice to 5,000 ppm trivalent chromium
compounds for 12 weeks had adverse impacts on male ferfibigtes weilts were increased in
the males guosed in the 2,000 and 5,000/inglose goups, while seminal vesicle and preputial
gland weidpts were reduced in the 5,000 ing@xposed malesThe number of implantation sites
and viable fetuses were gifjcantly reduced in females prsed to 2,000 and 5,000 fhg
chromium chloride.The authors did not report the amount of wateesteg bythe animals,
othe than to notetha water ingestion wa reduced in animas exposal to diromium. While the
results of this studguggest the potential presence of reproductive effects, the lack of dose
dependence in reported effects and the absence of data indadtiageposures to the animals
preclude the use of these data in risk assessment.

4.3.2. Inhalation Studies
No studies were located on reproductive or developmental effects in humans following
expoaire to Cr(lll) compounds.No histopatholog abnormalities were observed in the testes of

rats eyosed to 0.1 mgptal chromium (as a 3:2 ntixe of Cr(V)) trioxide and Ci{l) oxide) for
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18 months (Glaser et al., 1986, 198B)o additional data regding the teratognicity of inhaled
trivalent chromium ould not bdocated in theavailable literature

4.4. OTHER STUDIES
4.4.1. Contact Dermatitis

Dermal exosure to chromium has been demonstrated to produce irritant andtallerg
contact dermatitis (Biynzeel et al., 1988; Polak, 1983; Cronin, 1980; Hunter, 19dary
irritant dermatitis is rdated to thedirect cytotoxic propeties of ciromium, whiledlergic contact
dermatitis is an inflammatomgsponse mediated liye immune sstem. Allergic contact
dermatitis is a cell-mediated immune response that occurs in a two-step ptodessfirst step
(induction), chromium is absorbed into the skin andyérg an immune response (sensitization).
Sensitized individuals will illicit an allefg dermatitis response whenposed to chromium
above a threshold level (Polak, 198®)duction is gnerallyconsidered to be irreversible.
Chromium #ergic dematitis is characterized by symptoms of eythema, swdling, pgpules, smal
vesicles, drgess, scalingand fissuringAdams, 1990; MacKie, 1981).

Chromium is one of the most common contact sensitizers in males in industrialized
countries (Bwler, 1990; Cronin, 1980) and is associated with occupatiopakexes to
numerous materials and processes, includimgme platingaths, chrome colors andesy
cement, tanninggents, wood preservatives, anticorrosiverag, weldingumes, lubricatingils
and geases, cleaningnaterials, and tédes and furs (Brrows and Adams, 1990; Polak et al.,
1973). Solubility and pH appear to be the primalgterminants of the capaciy individual
chromium compounds to elicit an allergesponse (fegert, 1981; Polak et al., 1973) he low
solubility Cr(lll) compounds are much less efficient contact abegthan Cr(\MI (Spruit and van
Neer, 1966).While chromium compounds have been found to elicit an atleegponse in
occupational settirgythis endpoint is not considered suitable for the development of a noncancer
dose-response assessment.

4.4.2. Toxicant Interactions

Asoorbic, picolinic, and niaotinic acids hae al been demonstraed to fecilitate the
absorption of Cr(lll) throuch theintestind wall (Anderson, 1997; ATSDR, 1993).

4.4.3. Genotoxicity

Trivalent chromium has been demonstrated to decrease the fafdlityA synthesis
(Snow and Xu, 1991; Snow, 1994)rivalent chromium chloride has been shown to produce
genotoxc DNA adducts that inhibit DNA replication and are mat@g (Snow, 1994).n
general, trivalent chromium was not muéadgg in bacterial assawhen tested with or without a
mammalian activation syem (Venitt and &vy, 1974; Petrilli and Ddlera, 1977, 1978a,b)n
onestudy trivalent chromium wa mutaenic in Baccillus subtilis but this ativity was low
compared with compounds of fealent chromium (Nakamuro et al., 1978).
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There is anflicting informaion with regard to theability of trivalent chromium to
interact with DNA. Compounds of trivalent chromium were found to be clastiogn BALB/c
cels as GCl, (Raffetto, 1977); CHO cells as CgCCr(NOy),, KCr(SO,),, or Cr(CHCOO),
(Levis and Majone, 1979); Don Chinese hamster cellsdstegd CrCJ (Ohno et al., 1982); and
cultured human leukotgs as Cr(CECOO), (Nakamuro et al., 1978However, compounds of
Cr(lll) were not clastogenic in mouse FM3A cells as Cr,(SO,); (Umeda and Nishimura, 1979),
cultured human leukotgs as CrGlor Cr(NQ,)), (Nakamuro et al., 1978), or Don Chinese
hamste cells as Cr,(SO,), (Ohno et al., 1982).

Cr(lll) picolinae was shown to produce chromosome daneg+ to 18-fold above the
control levels followingsoluble doses of 0.05, 0.1, 0.5, and 1.0 mM over a 24-hour treatment.
The chromosomalamage was infared to result from thepicolinate ligand following the
demondration of clastogenicity in the absence of Cr(lll) (Stearnset d., 1995).

4.5. SYNTHESIS AND EVALUATION OF MAJOR NONCANCER EFFECTS AND
MODE OF ACTION (IF KNOWN)—ORAL AND INHALATION

4 .5.1. Oral Studies
45.1.1. Human Studies

No human stidies addressg noncaranogenic effect of rivalentchromum were bcated
in theavailable literature

45.1.2. Animal Studies

Two oral chronic rodent bioassays of Cr(lll) were located in theliterature. lvankovic and
Preussman (1975) fed male and female rats up to 5@ Gaked in bread 5 dayveek for 120
weeks. No adverse effects were noted at &agdinglevel. Schroeder et al. (1965) pased mice
and rats to drinking water containing 5 ppmCr(lll) for life. No increase in theinddence of
tumors wa sen in thetreated animds with respect to controls.

Anderson et al. (1997) evaluated the subchroniciiyxof Spragie-Dawleyrats fed 0-
100 mgkg Cr(lll) chlorideor Cr(lll) tripicolinate in the diet for 24 weeks. No dtatistical
differences in bodyveight or blood variables were noted amdhg goups eamined at 11, 17,
or 24 weeks Histologc examination of the animals in the higlose goups did not reveal any
detectable differences\o toxicity was observed in arof the dose igups in this study
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4.5.2. Inhalation Studies
45.2.1. Human Studies

All of the available studies of occupationapesures include med e)posures to both
Cr(lll) and Cr(VI). TheCr(VI) species has been suggested as thelikely etiologic agent in reports
of excess cancer risk in chromium workers; however, Qréghnot be unequivocally
demonstrated to be the etiologgent for noncarcinognic effects followingnhalation. While
data addressing expoaures to Cr(lll) aoneare notavailable, sgnificant redudion of Cr(VI) to
Cr(ll) occursin thelungs, and absorption of Cr(Ill) from lungtissueis known to occur (ATSDR,
1993; O’Haherty 1996). The followingdiscussion presents results of studies involwged
expoauresto Cr(lll) and Cr(VI).

4.5.2.1.1.Respiratory tract effectsThree studies on chrome platers seem to provide some
guantitative information on upper respiratamtation after eposure to Cr(\MJas chromic acid.
Cohen et al. (1974) reported that nasal ulcers and perforations were associated with total
chromium concentrations of 1.4 to 43.§m?, averagng 7.1 pg/m?, and Cr(V) concentrations
of 0.09 to 9.1 g/m?, averagng 2.9 py/me. The auhors mplicaked directcontact, such as
touchingof the nose with chromium-contaminated hands, as a potetigtyrtant route of
exposure.Lucas and Kramkowski (1975) reported similar results followiogker eyosure to
Cr(VI) concentrations raimgg from 1 to 20 @/m?®, averagng 4 pg/m°. Lindbergand
Hedenstierna (1983) also found similar effects on nasal pathafasubjective sgptoms.
Theyreported reddeningf the nasal mucosa at 1 to §/m®, and nasal irritation (chronic and
nasal septal ulceration and perforation) in two-thirds of the subjects at concentrations from 2 to
20 pg/m®. Changs in vital capacityand forced epiratoryvolume were reported following
Cr(V1) exposures geaer than 2 jg/m?.

4.5.2.1.2.Renal effecs. Cr(VI) exposure as low as 4 to @fm* has been reported to result in
elevaed exreion of 3-2-microdobulin (Lindbergand Vesterberdl983b). The effect maye
reversible since former chrome platers did not have an elevated concentration of either
B-2-microglobulin or dbumin in thér urine

In conclusion, effects on the airvgagnd kidneyhave been observed in chrome platers
exposed subchronically chromic acid mist containinghromium in air at concentrations
greaer than 1 jg/m®. Such effects include reddeninfjnasal mucosa, nasal irritation
(ulceration, perforation), chaegin pulmonaryfunction, and renal proteinuridzew of the
available studies, however, provide quantitative concentration-response data on chromium health
effecs.

4.5.2.2. Animal Studies

In the only study specifically addressing non@arcinogenic effects by inhdation of Cr(lll) ,
Johansson et al. (1986) gosed rabbits to aerosols of trivalent chromium (Cr{iyQ@t
concentrations of 0.6 and 0.9 fimj for 6 hours/day5 daw/week for 4-6 weeksStriking
morphologc changs were observed, includimgund dark chromium-rich inclusions in the
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cytoplasm an ncreased nubrer of cels with a snooth inacive cel surface, errged Gogi
apparatus, and a tendertoyvard elongted cell shape.

Johansson et al. (1980) gosed rabbits to chromium dust at 3.1/migand 0.6 mgn? for
5 day/week, 6 hours/dafor 4 weeks.Alveolar macrophags harvested from the pased
animds phaocytized significantly morechromium paticles than thosehavested from @ntrols,
althoudh the number of nonviable macropkagvas within the normal raedless than 3%)
(Johansson et al., 1980).

4.6. WEIGHT-OF-EVIDENCE EVALUATION AND CANCER CHARACTERIZ ATION

Applying the crieria for evaliaing the overdl weight of evidence for carciogenicity to
humans outlinel in EPA’'sGuidelines for Carcinogen Risk Assessnien. EPA, 1986a),
trivalent chromium is most appropriatelgsighated a Group D—Not classified as to its human
cartinogenicity. UsingtheProposedGuidelines for Carcinogen Risk Assessnien. EPA,
1996a), there are inadequate data to determine the potential cantaitygf trivalent
chromium. The classification of hexalent chromium as a known human carcemgaises a
concern for thecarcinogenic potential of trivalent chromium. Theinability to duddate the
contribution of trivdent chromium to @ncer incidence following exposure to totd chromium
mixtures in these studies precludes aseparate deerminaion of wheher trivalent chromium
alone has carcinegic potential.Data from oral and inhalation pasures of animals to trivalent
chromium a&e inadequae to deerminethe carcinogenicity of trivalent chromium. The
International Agncyfor Research on CanceARC, 1990) concluded that animal data are
inadequae for the evaluaion of the carcinogenicity of Cr(lll) compounds. Furthermore,
althoudh there is sufficient evidence of respiratogrcino@nicity associated with gosure to
chromium, therelative contributionsof Cr(lll) , Cr(V1), metallic chromium, or solublerersus
insoluble chromium to carcinegicity cannot be elucidated.

4.7. OTHER HAZ ARD IDENTIF ICATION ISSUES
4.7.1. Possible Childhood Susceptibility

A number of factors maglifferentially affect the response of children to ittents such as
Cr(ll). These factorsindudediet, physical environment, as well as maturation of physiological
and biohemical proesses. At present, thee is too littleinformaion to m&e any staements
about how these factors mapgecificallyaffect the toicologcal responses of GHJ in children,
be heycancer or noncancer.
4.7.2. Possibde Sx Differences

At present, there is too little information to make atgtements about thetert to

which men differ from womaen in suseptibility to Cr(ll) toxicity.
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5. DOSE-RESPONSE ASSESSMENTS
5.1. ORAL REFERENCE DOSE (RMD)

TheRfD is baed on theassumption thiathresholds &ist for gertain toxic effects sut as
cellular necrosis, but mayot exst for other toxc effects such as carcinegcity. In general, the
RfD is an estimate (with uncertainty spaining pehaps an orde of magnitude of adaly exposure
to the human population (includirsgnsitive subr@ups) that is likelyo be without an
appreciable risk of deleterious effects duralifetime. Please refer to the Oral RfDaBkgound
Document (onRIS) for an elaboration of these concepts.

5.1.1. Choice ofPrincipal Study and Critical Effect

Rdatively few studies were located in theliterature tha addressel theord toxicity of
Cr(lll) . Ivankovic and Preussman (1975) fed rats baked bread contaittg5% chromic
oxide (CrO,) for 840 dag. No effects due to QD, treatment were observed at alose level.
Ivankovic and Preussman (1975) also fed rats baked bread contgrtim&% CjyO, for 90
days. The onlyeffects observed were reductions in the absolutehigedf the livers and spleens
of animals in the higrdose goup. The absence of tasity of trivalent chromium followinghese
extraordinaily high dose likely reflect thelow ord bioavailability of digtary Cr,O,.

In a subchronic stugyAnderson et al. (1997) evaluated thei¢ty of 0-100 mgkg
Cr(ll) chlorideand Cr(lll) tripicolinae fed to Sprague-Dawley rats in the diet. Both of these
forms of ciromium hae consideably higher bioavailability than tha of Cr,O,. Histologc
examination of the animals in the higlose goups did not reveal ardetectable differences with
controls, and no tagity was observed in argf the dose iups in this studyDose levels in this
studywere considerablipwer than those used Ibyankovic and Preussman (1975).

Elbetieha and Al-Hamood (1997)axined fertilityfollowing chromium chloride
exposures in saxally mature mice at concentrations of 1,000, 2,000, or 5,000 algomium
chloridein drinkingwater for 12 wesks. No mortdity or dinical signs of toxcity were reported
in anygroup of male or female mice pased at angoncentration in the @eriment. The
authors reported a number of effects on male fertaityroudn in manycases the results were not
strondy dose dependeniThe authors also reported a reduced number of implantation sites and
viable fetuses in g@posed femalesThe authors did not report the amount of wateesitef by
theanimds, othe than to notetha water ingestion wa reduced in animds exposeal to caromium.
While this studysuggests the potential presence of reproductive effects, the lack of dose
dependence in reported effects and the absence of data indaztiageposures to the animals
preclude the use of these data in risk assessment.

The vankovic and Preussman (1975) studies are considered to be most appropriate for
development of the RfD.

5.1.2. Methods of Analysis

23



Ivankovic and Preussman (1975) fedups of 60 male and 60 female rats chromid@x
(Cr,0O,) baked in bread at dietalgvels of 0%, 1%, 2%, or 5%, 5 dAyeek for 600 feedirgy
(840 total dag). Bodyweight and food consumption were monitorékhe averag total
amounts of ingsted C5O, were gven as 360, 720, and 1,80&gbw for the 1%, 2%, and 5%
treatment gpups, respectivelyThe animals were maintained on control diets following
termination of eposure until theypecame moribund or diedll major organs were eamined
histologcally. Othe toxicologic paameters wae not mantioned explicitly but ma have
included soma or al of those deschied for he accorpanyng subchrort sudy (see bedw). No
effects due to CO, treatment were observed at atose level.

Ivankovic and Preussman (1975) also treated rats (both, S2¢19 ratsigpup) at dietary
levels of 0%, 2%, or 5% G0, in bread, 5 dagfweek for 90 day. Food consumption and body
weight weare monitoral. Toxicologic paameters induded seum proten, bilirubin, henaology,
urinalysis, organ weidhts, and histopatholgg With the exeption of reductions (12%-37%) in
the absolute welgs of the livers and spleens of animals in théugse goup, no effects could
be detected that could be attributed to th&Cireatment.

5.1.3. RfD Derivation

No effects were reported at adgse level indankovic and Preussman (1975) chronic
study The hidhest dosemup (receivingg% CrO; in the diet for 600 feedirsycan be
considered a NOAEIor the studyand was selected for derivation of the reference dbke.5%
dose goup received an equivalent of 1,80@gybodyweight. Adjustment of this dose level
based on the amount of egged Cr{ll) (0.6849 Cr/cCr,O,) and the feedingchedule (600
feedingdays x 5 day/7 day) yields an adjusted NOAEf 1,468 mgkg-d. The lack of toxcity
given the hi@p concentrations of trivalent chromium used in the doseps mayreflect the poor
absorption of trivalent chromium lilge oral route of gposure (Visek et al., 1953; Mengz
al.,1965; MacKene et al., 1959; Cgwva, 1976; Henderson et al., 197@x(lll) has been found
to be better absorbed in fasted than in fed rats (MadKenal., 1959) The use of baked bread
as a vehicle for dosingprayhave further reduced the absorption of chromium invtheKovic
and Preussman (1975) study

The adjusted NOAEILs further modified bywo 10-fold uncertaintyactors to account
for theexpected intespesies and intehuman variability in lieu of speific daa. An additiond
10-fold modifying factor is applied to reflect database deficiencies, incluitiedack of a study
in a nonrodent mammal, lack of unequivocal data evaluatipgpductive impacts, and the
concern regrding potential reproductive effects raisedthg studyof Elbetieha and Al-Hamood
(1997). The followingadditional uncertainties relate to the NOA&grived from thevankovic
and Preussman (1975) studit) the effects observed in the 90-adydywere not eglicitly
addressed in the 2gr study(2) the effect of the vehicle (baked bread) on absorption of
chromium is uncertain, and the relevance of this dagiggen to eyosures in the environment
is unclear; and (3) animals were allowed to die natuedtsr exosure stopped (Z2wars) and
only then was histologperformed. Application of the 100-fold uncertainfgctor and 10-fold
modifying factor to the adjusted NOAEf 1,468 m¢kg-d gves the reference dose of 1.5
mgkg-d.
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5.2. INHALATION REF ERENCE CONCENTRATION (Rf C)

Theinhdation RfC is baed on theassumption thiathresholds &ist for certain toxic
effects such as chllar necross butmay notexst for other bxic effecs such as cancogenicity.
In general, the RfC is an estimate (with uncertainty spanning perhgps an orde of magnitude of a
daily exposure to the human population (includsensitive sub@ups) that is likelyo be
without an appreciable risk of deleterious effects duaitifetime.

Studies of occupational pgsure to chromium biyhalation all involve migd exosures
to both Cr(lll) and Cr(VI). While data addressing exposuresto Cr(lll) doneare notavailable,
significant reduaion of Cr(VI) to Cr(lll) occursin thelungs, and absorption of Cr(lll) from lung
tissue is known to occur (O&herty 1996). Cr(VI) cannot be unequivocalllemonstrated to be
the soleetiologic agent for non@arcinogenic effects following inhdation.

Three studies on chrome platers reported upper respirgitation after eposure to
Cr(VI) as chromic acidln the studyof Cohen et al. (1974), nasal ulcers and perforations were
associated with total chromium concentrations of 1.4 to 4g@®}averaing 7.1 pg/m?.
Ninety-five percent of the 37 workers studiechéited patholog changs in nasal mucosa in a
concentration-duration responddore than half of the workers empkxy less than lear had
nasal pathologthat was more severe than simple redness of the nasal médoszst all
workers (35 of 37) empl@g longer than 1 gar had nasal tissue dareagd he authors implicated
direct contact, such as touchiafjthe nose with chromium-contaminated hands, as a potentially
important route of gxosure.Lucas and Kramkowski (1975) revealed similar resuliadberg
and Hedenstierna (1983) also found similar effects on nasal pattasidgubjective sgptoms.
All workers with nasal ulceration had beerpeged to chrome acid mist, which contained Cx(VI
at 20 w/md, or geater near the bath€hangs in vital capacityand forced epiratoryvolume
were seen followingr(VI) exposures gpater than 2 gim®.

Only oneanimal study addressed exposaure to Cr(lll) byinhdation. Johansson et al.
(1986) reported the results of a subchronic stadyhich rabbits were gosed to aerosols of
trivalent chromium (Cr(NQ),) at concentrations of 0.6 and 0.9/mgfor 6 hours/day5
days/week for 4-6 weeksStriking morphologc changs were observed, includimgund dark
chromium-rich inclusions in the plasm, an increased number of cells with a smooth inactive
cell surface, errged Gobi apparats, and aendencytoward ebngated cel shape.This study
utilized small goups and focused on endpoints that are not considered to be appropriate for
development of an RfC for Cr(lll) .

Data are considered to be inadequate for development of an RfC due to the lack of a
relevant toxicity study addressing respiratory effects of Cr(lll). The currently available daa are
inadequae to duddate the contribution of trivédent chromium to repiraory effects obseved
following occupational ggosures to mitures of trivalent and hexalent chromium.The one
animd studytha evaluaed thetoxicity of trivalent chromium bytheinhdation routeof exposure
(Johansson et al., 1986) utilized omlge eyosure concentration and did not iden&fiowest-
observed-adverse-effect levéls a result, this studig considered inadequate to support the
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development of an RfC for trivalent chromium, and an RfC for trivalent chromium cannot be
developead & this time

5.3. CANCER ASSESSMENT

Occupational egosure to airborne chromium has been studied in the chromate
manufacturingand ferrochromium industries; in all casep@sures all include med eyosures
to both Cr(lll) and Cr(VI). Data addressing expoauresto Cr(lll) doneare notavailable. Cr(VI)
has been classified as a known human careinognd the contribution of Qifj to the observed
lung cancer in these populations cannot be elucidated from these stdiegl data are
inadequae for the evaluaion of the carcinogenicity of Cr(lll) compounds. The two oral studies
located in the available literature (Schroeder et al., 19@Bkbvic and Preussman, 1975)
reported negive results for rats and mic&everal animal studies have been performed to assess
the carcinogenic potential of Cr(lll) byinhdation. These studies have not found an increased
incidence of lungumors followingexposure either bypatural routes, intrapleural injection or
intrabronchial implantation @etjer et al., 1959b; Hueper and Ray1962; evy and Venitt,
1975; levy and Martin, 1983) For the reasons stated above, a quantitative dose-response
assessment has not been generated for Cr(lll) .

6. MAJOR CONCLUSIONS IN THE CHARACTERIZATION
OF HAZARD AND DOSE RESPONSE

6.1. HUMAN HAZ ARD POTENTIAL

Chromium is anaurdly occurring dement tha may exist in several chemical forms and
valence sates n the envionment The nostcommonly occurrng valence sates are chromam
metal (0), trivalent chromium (l1l) , and hexavalent chromium (V1). Cr(lll) potentiates the action
of insulin in peipheral tissueand is esseantial for animas and humas. Adults in theUnited
States are estimated to @stjapproxmately 60 pg/dayof chromium from food (ATSDR, 1993).

NRC has identified an ESADDbr chromium of 50-200 g/d (NRC, 1989),
correspondingo 0.71-2.9 g/kg/dayfor a 70 kgadult. FDA has selected a Reference Daily
Intake for chromium of 120gid (U.S. DHHS, 1995).

The bioavailability of chromium ma bethesingde most importat factor deermining the
toxicity of a specific chromium source (Q&herty 1996). Ingested heavalent chromium is
efficiently reduced to thetrivalent form in thegastrointestind tract. Gastrointestind asorption
of Cr(VI) occurs with greater efficiency than absorption of Cr(lll) , and absorption of ingested
trivalent chromium is etimated to beless tha 3%. Trivalent chromium is &sorbel very slowly
by inhalation. Following inhalation eposure, chromium maye absorbed into thestgmic
circulation, transferred to thegfrointestinal tract bynucociliaryaction, or remain in the lung
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A significant amount of absorbed chromium is taken up in the bone, liver, kidndy
spleen. Hexavalent chromium readilgrosses cell membranes thraouge phosphate and sulfate
anion-exchange carrier pahway. Cr(lll) compounds mayross cell membranes, but omkth
very low eficiency. Thereis conflicting information regarding the ability of trivalent chromium
to interact with DNA. In general, trivalent chromium was not muéag: in bacterial assayvhen
tested with or without a mammalian activatiostsyn.

Occupational eposure to trivalent chromium and other chromium compounds by
inhalation has been studied in the chromate manufactandderrochromium industries;
however, dl studies indudemixed expoaures to both Cr(lll) and Cr(VI). While the Cr(V1)
speces Bthe Ikely efologic agntin repors of excess cancersk in chromum workers, sidies
are inadequate to rule outa contribution of Cr(lll) to chromium carcinogenicity, and daa
addressing expoaures to Cr(lll) doneare notavailable.

Rdatively few studies were located in theliterature tha addressel theord or inhdation
toxicity of Cr(Ill). No effects other than redudionsof the absolute weights of livers and spleens
of rats have been observed following oral exposure to Cr(lll) . While striking morphologc
changpes occurred in the macrophesgof rabbits egosed to Ci{l) aerosols in theoneinhdation
study of Cr(lll) in animals, the daabase is inadequae to support development of an RfC for
Cr(lly .

Chromium is one of the most common contact sensitizers in industrialized countries, and
alergic contact dermditis is assocated with ocupaiond exposure to numeous méerials and
processes, includinghrome platingpaths, chrome colors andedy cement, leather tanning
agents, and wood preservatives.

6.2. DOSE RESFONSE

Studies of inhalation of mixres of trivalent and hexalent chromium in occupational
populations support the classification of Ci(dls a known human carciregbut provide
inadequae daa for evaluation of carcinogenicity of Cr(Ill) compounds.

The daabase on nonarcinogenic effects of Cr(lll) isaso lacking. Relatively few sudies
were located in theliterature tha addresseal theord toxicity of Cr(lll). Of these, the Ivankovic
and Preussman (1975) studgs judgd to be the onlgtudysuitable for development of an RfD
for Cr(lll). The confidence in the RfD developad udng the lvankovic and Preussman (1975)
studyis low. The primarypurpose of thevankovic and Preussman (1975) stwhs to assess
the caranogenic potenia of Cr,0,. The confidence in the principal stugyconsidered low
because offte lack of eyplicit detil on sudy protocol and resub. No effecs due o Cr,O,
treatment were observed at atgse level in this studyNo macroscopic or histologsigns of
toxicity were noted in the 2ear studyalthoudp the effects observed in the 90-ddwydywere
not explicitly addressal. Animals in this studywere dlowed to dienaturdly after exposure
stopped (2 gars) and onlyhen was histologperformed.Data on potential reproductive and
developmental effects of Cr(lll) are lacking. A modifying factor of 10 was gpplied to the
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adjusted NOAELo account for the potential reproductiveitaty identified bythe studyof
Elbetieha and Al-Hamood (1997) and the absence of a credibleastddyssingeproductive
endpoints.The adjusted NOAELs further modified bywo 10-fold uncertaintyactors to
account for the egpected interspecies and interhuman variahititieu of specific dataOnly
onestudy was located tha specifically addressed nonarcinogenic effects of Cr(lll) by the
inhalation route of gxosure (8hansson, 1986)While this studyreported strikingnorphologc
changes in the macrophag of rabbits egosed to Cil{l) aerosols, the daabase isinadequéde to
support development of an RfC for @M)(. Nasal septumirritation, atrophyand perforations
have been widelyeported followingmixed exosures to hewalent and trivalent chromium in
the occupaiond seting. Theavailable studies are inadequéae to deermine whether trivalent
chromium contributed to the observed effects.
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APPENDIX A. EXTERNAL P EER REVIEW—
SUMMARY OF COMMENTS AND DISPOSITION

The support document andl5 summaryfor trivalent chromium have undenge both
internal peer review performed bgientists within EPA and a more formatexal peer review
performed byscientists in accordance wh EPA guidance on peer restiv. Comments made by
theinternd reviewers wae addressal prior to submittinghe doawments for externd peer review
and ae not pat of this ppendix. Theexternd peer reviewers wae tasked with providingwritten
answers to gneral questions on the overall assessment and on chemical-specific questions in
areas of scientific controversy uncertainty A summaryof significant comments made hige
external reviewers and EPA’s response to these comments follows.

Comments on General Questions

1. Are you aware of any other data/studies that are relevant (seful for the hazard
identification or dose-response assessnimt)he assessment of the adverse health effects,
both cancer and noncancer, of this chemical?

A. Comment: A new report has been found showsignificant embryptoxic and fetotoic
damage dueto expoaure of rats and mice to high doses of Cr(VI) or Cr(lll) in drinking water. |
don’t feel confident rederivingn RfD based on these data, and the doses are clearhyigh.
However, derivation of an RfD based on an observedatogcal effect appears to be
preferable to an RfD based on a NOAEL

Response to Coment: The report has been added to the reproductive/developmental
studies section of the tmologcal review documentThe studyreports on a varietyf
embrytoxic and fetotoic endpoints; however, maiy the observed effects did not occur in a
clear dose-dependent fashidfurther, the authors did not indicate the amount of watesiad
by the animals and onlstated that water imgtion was reduced in the treatmerdups relative
to the controls.This omission precludes determination of the actual dogesienced byhe
treated animalsThis studyis not considered to be sufficient for development of the RfD for
Cr(lly .

B. Comment: The studyby Baetjer et al. (1959b) needs some more discussi@andiag the
guestion as to whether the MTD has been achieved in this particular Btody the published
paper there is no indication that, indeed, the animals had been suffidiesely, and it is
therefore questionable whether this ststpuld be labeled an adequate caraemigty study

Response to Coment: The discussion has been added to the tex
C. Comment: Thedoaiments correctly sate that Cr(VI) gets transormed to Cr(lll) in vivo, but

theyskirt the issue of whether or not a Cr(gtudyis reallya studyof in vivo exposure to
Cr(lll) .
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Response to Coment: Given therapid redudion of Cr(V1) to Cr(lll) in vitro, it is
relevant to consider whether environmentadasures to Cr(\lor administration of Cr(\jlin
controlled animal experiments is essentially identical to environmental exposuresto Cr(lll) or
administration of Cr(lll) in controlled experiments. While consgderably more daa are available
for Cr(V1) than for Cr(lll), it gppears a present tha exposures to Cr(VI1) have consderably
different outcomes than expoaures to Cr(lll). The Agency has prepared the Toxicological
Reviews and IRIS files for Cr(VI) and Cr(lll) from this pespective.

2. For the RfD and RfC, has the most appropriate critical effect been chaseth@at adverse
effect appearing first in a dose-response contin®@uidr the cancer assessment, are the
tumors obsered biologially significant? Rdevant to human hadth? Points réevant to this
determination include whether or not the choice follows from the dose-response assessment,
whether the effect is considered adverse, and if the gifiettiding tumors observed in the
cancer assessmeraihd the species in which it is observed is a valid model for humans.

A. Comment: | beleve the Agencyis a bt conservave regrding the confdence oftie RD.

The vankovic and Reussman (1975) studyppears to be done accordingacceptable practices
a thetime. | dso t&ke issuewith themodifying factors. The Agency usal amodifying factor of
10 to reflect uncertaintin the database. disagee with the speculation that the NOAE&uld

be a IOAEL. The fact that uptake is low and variable does not justibh a hig uncertainty
factor, and the fact that the animals died naturbfiyything would tend to increase disease
incidence ratesl believe a threefold modiiiyg factor is sufficient.l would also note that the
authors arbitrarilydropped the RfD bgn additional 1/3 byoundingdown from 1.468 to 1A
more realistic estimate nhigbe 1,468/300 = 5 nfikg-day.

Response to Coment: In orde to beconsevative regarding thelimited daabaseon
Cr(lll), the Agency supports the use of a 10-fold modifg factor to reflect uncertainty the
database induding uncertainty resultingfrom thedeficiendes in thedaabaseaddressing
potential reproductive and developmental effedtise speculation that the NOAKiould be a
LOAEL has been removed from the documértie RfD has been rounded to 1.5.

B. Comment: In consideration of uncertainties surrounding critical studyor the RfD, such
as the appropriateness of the method of administration (in baked bread, whitbenggpected
to have alesse bioavailability than if administered in feed or waer), theuséapplication of a
modifying factor of 3 (reducinghe RfD to about 0.3 nikg-day) seems appropriate.

Response to Coment: The derivation of the RfD usirnfje data ofdankovic and
Preussman (1975) incorporated a 10-fold uncertdadtor to account for uncertainties in the
study, includingthe likelylow absorption of chromium from the baked bred@tie Agency
considers the current uncertaifi#égtors to be sufficient for development of the RfD.

3. Have the noncancer and cancer assessments been based on the most appropriate studies?
These studies should present the critical effect/camgerafs or appropriate precursom

40



the clearest dose-response relationshimot, what other studyo( studies)should be
chosen and why?

A. Comment: The RfC should be for total chromium since it is not clear that soluble chromium
species make up all of the laalent chromium species in the rike, nor that insoluble

chromium speies consist solly of trivalent speies. Furthemore thedaa sugest thd thee

might bea positiveinteraction baween thetwo forms of iromium ad thd therisk for exposure

to a mxture s notthe sum(or averag) of he risks fromeither spea@s. However, he avdiable

data do not provide argvidence that trivalent chromium alone isitolayinhalation. The data

are incondusive with regard to inhdation exposureto trivdent chromium.

Response to Coment: Considerabé dat are avdible regrding the effecs of
inhalation of heavalent chromium in the form of chromic acid mists andaaalent chromium
particulates.The limited data available for trivalent chromium gegj that this compound may
behave essentiallys a nuisance dust upon inhalatidime Agencyconsiders the data to be
insufficient to support the application of the RfCs derived foabha@bent chromium to the
trivalentspeces.

4. Studies included in the RfD and RfC under the heading “Supporting/Additional Studies” are
meant to lend scientific justification for the designation of critical effect by including any
relevant pathogenesis in humans, any applicable mechanistic information, any evidence
corroborative of the critical effect, or to establish the comprehensiveness of the database
with respect to various endpoin&i¢h as reproductive/developmental toxicity studies)
Should other studies be included under the “Supporting/Additional” categ8hyduld some
studies be removed?

A. Comment: Someof thestadements rdated to thegenotoxc effects of trivdent chromium ae
either haccura¢ or msleadng.

Response to Coment: The recommended modifications to this section have been made.

B. Comment: The new data on reproductive toity of chromium in the drinkingvater needs
to be carefulljcompared to the NTP studywhich rats and mice were fed potassium chromate
in the diet. The form of chromium and route of @osure are clearlgf paramount importance.

Response to Coment: A discussion comparingnd contrastinghe results of the NTP
studies and the new report has been added to the reproductive/developmental studies section of
the Toxcologcal Review documentThe report of Elbetieha and Al-Hamood (1997) raises the
possibilityof reproductive effects at vehygh doses, but the observed endpoints do not show a
clear dose response, and the authors did not provide the data on dratengngstion required
to determine the dosespetienced byhe treatmentrgups. This studyis not considered
sufficient for development of the RfD.
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5. For the noncancer assessments, are there other data that should be considered in developing
the uncertainty factors or the modifying factoD» you consider that the data support the
use of differentdefault)values than those proposed?

A. Comment: The appropriate data have been considered in develt@ngcertaintyactors
and the modifing factor.

6. Do the confidence statements and weight-of-evidence statements present a clear rationale
and accurately reflect the utility of the studies chosen, the relevancy of the efaces (
and noncancerjo humans, and the comprehensiveness of the datalixs#?ese statements
make sufficiently apparent all the underlying assumptions and limitations of these
assessments# not, what needs to be added?

A. Comment: The evidence forhe rok or lack of rok of trivalentchromium in hurman cancer
is not convincinty presentedIn particular the lack of effect of feedingts chromium-laden
bread is not balanced laypydemonstration of chromium uptake in the animals.

Response to Coment: The Toxcologcal Review docunentconclides hatthere are
inadequate data to determine the potential caremogy of trivalent chromium.This should
not be construed as a conclusion that trivalent chromium is not cagninog

Comments onChemical-Speciic Questons

1. Are the conclusions ofahid et al. {990)regarding potential reproductive toxicity of @i}
in any way countered by the results of the NTP study?

A. Comment: If NTP was not able to reproducaehd’s results, do not believe zhid’s results
should be considered.

B. Comment: The Zahid et al. studies are supported, but in a more realistic fashitreby
studies of Uniad and Kanojia.

Response to Coments: The studies of ahid et al. (1990) anduhiad et al. and Kanojia
et al. (1996) did not involve common endpointhe NTP studyvas unable to repeat the
findings of Zahid et al. The results ofuniad and Kanojia provide evidence of reproductive and
fetotoxic effects of Cr(V) at high doses but do not support the findirgj Zahid et al. regrding
toxicity of Cr(lll) .

C. Comment: Additional description should be provided astjng the report of Zhid et al. in
relation to theNTP study

Response to Coment: Additional description has been added.
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2. Are there any stdies avadiable which coul be useda devebp an R€ for trivalent
chromium?

A. Comment: | agree with thedoaument that there are no adequae daa for Cr(lll) .

B. Comment: | agee wih EPA’s assessmntthatthere are no stable dat sesto use in
calculating an RfC for arbome Cr(lll) .

Response to Coments: An RfC for arbome Cr(lll) has notbeen developeal.

3. The principal studyNlancuso, 1975and the follow-up studyancuso, 19973how the best
dose-response relationship for total chromium, but animal data only support a conclusion of
carcinogenicity of hexavalent chromiur8hould the potency estimate address total
chromium or hexavalent chromium?

A. Comment: Mancuso allees that his data support a conclusion that botHIICend Cr(V1)
are carcinogns. His data set is vergmall, and in myiew, it lacks the power to distinogsh
between Cr(V) and total chromiumThe animal data present a convincstgrythat Cr(ll) is
not carcinognic. Hence, Ibelieve the potenogstimates should address ohipavalent
chromium. EPA should be more ekcit as to whytheydiscount Mancuso’s alleton.

Response to Coment: Additional commentaryias been added to the section addressing
the conclusion that onlgr(VI) is known to be carcin@mpic bythe inhalation route of g@osure.

B. Comment: The potencyestimate should be based on total chromium but should note that the
exposure is migd (and gve the relative proportions of @itf and Cr(VI) to which the workers

were eyosed). Although it is probablytrue that the carcinegicity is due to the hexalent
chromium, the findindhat trivalent chromium can be taken upthg aveolar macrophegcould

imply that the carcinagnic process maye modulated bthe presence of trivalent chromium.

Response to Coment: The Agencyacknowledgs that the cohort was occupationally
exposed to mitures of trivalent and hexalent chromium, and ages that it is probablyue that
the carcinognicity is due to the hexalent chromium.The ratio of trivalent and hexalent
chromium in the miture have been providedHowever, the Agncyconsiders the data on
carcinognicity of trivalent chromium to be insufficient to support a conclusion that trivalent
chromium contributed to the cancer observed in the coiibk. Agencyconcluded that Cr(VYlis
known to be carcinagnic in humans and that data are insufficient to form a conclusiertieg
the potentia carcinogenicity of trivalent chromium.

C. Comment: It is obvious that based on the human datara&nt chromium is a Group A

carchogen. However, because dii¢ nsufficientdag, a contibution of the tivalentchromum
cannot be ruled out since the workers are adveaosed to a miure of both chromium pes.
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Response to Coment: The Toxcologcal Review docunentconclides hatthere are
insufficient ddato déermine whether trivalent chromium is acarcinogen. This cmndusion
should not be misconstrued as rulmg a role for trivalent chromium in carciregcity.

4. There is a Canadian study that relates stomach cancer to gold mining following exposures to
chromium. Does this study justify/support determination of an oral factor for chromium?
A. Comment: No.

Response to Coment: The Canadian studyas not been used to develop an oral slope
factor for chromium.
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